We present X-ray observations of 35 active late-type BY Draconis dwarf binary systems and 28 evolved binary systems, similar in nature to the RS Canum Venaticorum systems, obtained with the Position Sensitive Proportional Counter (PSPC) during the ROSAT All-Sky Survey phase of the mission. Of this sample, 52 targets were detected in exposures of roughly 600 s or less. When these new data are combined with the earlier results from et al. this survey represents the largest Dempsey (1993b), sample of active binary systems observed to date at any wavelength, including X-rays. We expand our investigation of how coronal properties (e.g., surface Ñux, luminosity, etc.) correlate with stellar parameters (e.g., rotation period, color, etc.) and conÐrm the conclusions of et al. Rotation Dempsey (1993b). period provides the best correlation with X-ray surface Ñux with for the entire sample. F X D P rot 0.59B0.10 We Ðnd no evidence for a "" basal ÏÏ or nonmagnetic X-ray Ñux component. We model the low-resolution pulse-height spectra for 12 systems with two-temperature thermal plasmas. The derived temperatures for the BY Dra systems are identical to those previously derived for active evolved giants and subgiants in close binaries et al.
INTRODUCTION
Late-type close binaries have received considerable attention in recent years owing to the presence of phenomena observed on the SunÈdark starspots, luminous X-ray emission, powerful nonthermal radio emission, and highly energetic Ñares. Wilson (1966) , Kraft (1967) , Skumanich (1972) , and et al. among many others, have shown Noyes (1984) , that rotation plays a fundamental role in determining the activity level of a single star as measured by such proxy indicators as Ca II H and K emission. It is believed that rapid rotation, coupled with convective motions, enhances a solar-like dynamo, which, in turn, produces strong magnetic Ðelds and their associated solar-like phenomena. Tidal coupling between the rotation and orbital periods in latetype close binaries produces and maintains rapid rotation in the stellar components. Among the most active binaries are the RS Canum Venaticorum (RS CVn) systems, whose deÐning characteristics were Ðrst speciÐed by Hall (1976) , and the BY Draconis (BY Dra) binaries (cf. & Fekel Bopp RS CVn systems typically consist of a G-or K-type 1977) . giant or subgiant with a late-type main-sequence or subgiant companion, while BY Dra binaries typically contain two late-type main-sequence stars.
Among their properties, the active binaries possess strong chromospheric and transition region emission, as indicated by large Ca II, Mg II, C IV, and radio luminosities, as well as X-rayÈluminous coronae. RS CVn systems as a class have the largest X-ray luminosities, typically D1029È1031.5 ergs s~1, for late-type stars (cf. et al. hereafter Dempsey 1993b, Two well-studied BY Dra systems, YY GeminoPaper I). rum and the prototype BY Draconis, have X-ray luminosities of 4 and 5 ] 1029 ergs s~1 Sciortino, & (Ambruster, Golub Monsignori-Fossi, & Landini 1986 ; Pallavicini, respectively, but the X-ray properties for BY Dra 1986), binaries as a class are poorly known. In the last decade, a number of authors have attempted to relate coronal proxy indicators, such as the X-ray luminosity or surface Ñux (L X ) with stellar parameters, such as rotation period (F X ), (P rot ), projected rotation velocity (v sin i), or stellar radius to (R * ), determine which quantity is fundamental in determining the activity level. presented L X /L bol D P rot 1 Paper I X-ray results for 136 active binaries, mostly RS CVn systems, observed during the ROSAT All-Sky Survey (RASS), and probed the validity of a number of activity relations. In Dempsey et al. found that Paper I, F X D for the entire sample, but noted that is inde-P rot 0.84B0.12 F X pendent of period for dwarf systems and that the Ñux-period relationship for the remaining systems is a consequence of the radius-period relation for close binaries, in agreement with & Verma Unlike single stars, for Rengarajan (1983) . which the rotational period and radius do not follow a unique relationship, the period-radius relation for binaries simply follows from longer period binaries with larger c Period given is the photometric period unless not given in CABS and days, the orbital period is listed.
has been divided equally among the components. for all of the stars classi-L X , Ðed as "" RS CVn ÏÏ in the Ðrst edition of the CABS. As noted in the RS CVn classiÐcation used in the CABS does Paper I, not rigorously follow that of Hall but was generally (1976) applied to "" evolved, late-type stars with Ca II emission.ÏÏ The remaining systems were either labeled as "" BY Dra ÏÏ or not labeled at all. Since many of the systems not classiÐed have evolved primaries, they should perhaps be included with the RS CVn binaries, but they were not for historical reasons (see CABS). Likewise, some of the RS CVn systems have been classiÐed "" early-type BY Dra binaries ÏÏ (see CABS ;
ClassiÐcation of the binaries was dropped Paper I). completely in the revised edition. In this paper, we present the quiescent X-ray properties of the remaining 63 systems in the CABS not discussed in Papers I and II. Of this sample, 35 contain one or more dwarfs and are therefore classiÐed as BY Dra systems for our analysis. We Ðrst examine the Ñuxes and various correlations (e.g., coronal Ñux vs. rotation period) for the new systems. Since these results are very close to those obtained in we then Paper I, recalculate all the correlations using the entire CABS sample. Finally, we analyze the low-resolution pulse-height spectra of the BY Dra systems and compare the results to those obtained in for the RS CVn binaries. Paper II 2. DATA ANALYSIS A full description of the X-ray telescope and detectors on ROSAT can be found in and et Tru mper (1982) Pfe †ermann al.
Details on the All-Sky Survey are available in (1987) . & Schmitt Complete details on the converSnowden (1990). sion of count rates into Ñuxes, assigning the derived Ñux to a given component, and calculating and are given in F X L X BrieÑy, count rates were converted to Ñuxes using Paper I. the conversion factor 6 ] 10~12 ergs cm~2 counts~1. Fluxes were assigned to the cooler component of the binary system or the one designated "" active ÏÏ in CABS, but the Ñux was divided equally among the components when they were of equal spectral type and luminosity class. In some cases, the secondary is not known, or is poorly known, and it is possible that this component may also contribute to the total X-ray emission. An exception to this rule is ADS 11060C, where the companion was identiÐed after our analysis was completed and is probably a dwarf later in spectral type than the primary. All stellar data such as B[V , radius, and distance were taken from CABS. Bolometric luminosities were taken from Simon, & Drake, Linsky henceforth or computed from data in (1989, DSL) CABS. Stellar properties, count rates, and errors for the systems discussed in this paper are listed in Systems Table 1 . for which the primary was on the main sequence or that contained two dwarf stars were labeled as BY Dra binaries or "" dwarf ÏÏ systems for the purpose of this analysis. This classiÐcation scheme does include some stars such as V471 Tauri (WD ] K2 V) that do not Ðt the classical BY Dra speciÐcation. Of the 63 binaries discussed here, 35 were categorized as BY Dra systems, as indicated in Table 1 . From the total sample of 63 targets, 52 systems were detected with a maximum-likelihood algorithm, and upper limits were computed for the remaining 11 systems. Combining results from with those reported here, we Paper I Ðnd that out of 199 target systems 164, or 82%, were detected during the RASS. This represents the largest sample of active binaries to be studied at any wavelength and the greatest detection rate of any class of object. These results are discussed in At the time these data were°3.1. extracted, several small gaps remained in the RASS, so the data for 1E 0315.5[1955, RT Coronae Borealis, HD 113714, HD 114630, HD 116093, RW Ursae Majoris, BD [5¡592, and RS Arietis have not been analyzed. All other stars listed in the CABS have now been analyzed.
As was true for the systems in the total number Paper II, of counts accumulated during the survey for the brighter systems was sufficient to extract a moderate-resolution X-ray pulse-height energy distribution. Our procedure for analyzing the spectra is identical to that used in Paper II. Based on results in we have used only twoPaper II, temperature Raymond-Smith plasma models & (Raymond Smith to Ðt the low-resolution (*E/E B 0.42 at 1 keV) 1977) pulse-height spectra. Results are described in°3.2.
3. RESULTS
Fluxes
In this series of papers, we have investigated several possible activity relationships in an attempt to determine which parameter(s), if any, is best correlated with the X-ray Ñux and other activity indices.
concluded that among Paper I the available stellar parameters, provides the best esti-P rot mator of except for dwarf systems, which show a F X , roughly constant level of independent of The Ðrst F X P rot . question we wish to address is whether and for the L X F X BY Dra systems, which consist mostly of late K-and M-type dwarfs, depend on the stellar and system parameters in the same fashion as the RS CVn dwarf systems, which contain evolved G-and early K-type components. All correlations are computed using the maximumlikelihood (ML) algorithm of which accommodates DSL, censored data in one variable.
lists the results of Table 2 performing ML Ðts comparing stellar or system parameters such as B[V , and orbital separation, a, with and P rot , L X With the possible exception of the corre-
ÈL X lation, none of the derived correlations are signiÐcant. We have not recomputed those correlations reported in Paper I, since the number of dwarf systems in this paper is too small for good statistics. When comparing the correlations for the BY Dra systems with those derived for the dwarf RS CVn systems in we Ðnd no signiÐcant di †erences. FurPaper I, thermore, the previously unmeasured evolved systems are consistent with the correlations obtained in TherePaper I. fore, we decided to repeat the entire correlation process combining all the data from with those reported Paper I here. For this part of the analysis, all systems containing main-sequence components are classiÐed as dwarf or BY Dra binaries. These results are listed in In most Table 3 . cases, the relationship or trend is improved when the larger sample is studied, yielding somewhat smaller errors on the derived coefficients.
X-ray surface Ñux as a function of B[V is displayed in for the new systems alone (left) and for all binaries Figure 1 (right). The data points are plotted with arabic numerals indicating the luminosity class of each stars. Stars of unknown luminosity class are designated by zeros, while circled points represent upper limits. Two of the new dwarf systems, ADS 11060C and V1285 Aquilae, show Ñuxes in excess of the limit observed for the RS CVn F X /F bol Z 10~3 binaries alone. A third dwarf system, HD 22403, also lies above this line right), as discussed in Flares (Fig. 1 (1994) the spectral types for ADS 11060C to be K7 V and M0 V. It is therefore likely that the M0 V star contributes to the X-ray Ñux for the system, but its activity level is unknown. Two RS CVn systems, UX Comae Berenices and CD [33¡ 12122, lie slightly above 10~3 but by a small enough amount as not to be considered signiÐcant.
One BY Dra binary, CC Eridani, shows an unusually low surface Ñux for its color. The cause is not obvious and may be the result of an error in its stellar parameters as listed in CABS. Also, there are a number of giants with F X /F bol B 10~6. Among these are l2 Sagittarii, q Sagittarii, and 4 Ursae Minoris. These systems were not included in the revised CABS et al. Additionally, among (Strassmeier 1993) . the weak giants are BD Ceti, o Draconis, 5 Ceti, and 33 Piscium. A footnote in CABS says that 33 Psc has an eccentric orbit and may not be an RS CVn, although its photometric amplitude has been observed to vary. No photometric variability, besides that caused by ellipticity, has been detected in 5 Cet, and it is dubious whether this system qualiÐes as an active binary. CABS notes "" strong ÏÏ Ca II H and K emission emission for o Dra, but et Dempsey al.
found the Ha and Ca II infrared triplet lines to be (1993a) normal for its spectral type, luminosity class, and v sin i. Furthermore, o Dra is an asynchronous binary (P rot \ 54 days, days) with an eccentric orbit. Unless the P orb \ 138 luminosity class of BD Cet is incorrect, which is not likely, the cause of its low surface Ñux is unknown. Excepting BD Cet for the moment, the locus occupied by these systems may represent "" marginal ÏÏ active binary systems or systems incorrectly labeled as active binaries.
The plot of versus for all binaries, shown in F X P rot Figure  di †ers slightly from the smaller sample of predominantly 2, RS CVn systems presented in Figure 3 of The Paper I. dashed line in represents the best Ðt to the dwarf Figure 2 systems only, while the solid line indicates the best Ðt to the entire sample. However, the dwarf systems, as a group in exhibit a larger spread in surface Ñuxes for a given Figure 2 , period than is evident in the corresponding Ðgure in Paper I or shown by the active stars of other luminosity classes. CC Eri is again the short-period dwarf system that lies considerably below the rest in
The measured slope for the Figure 2 in The smaller slope is a result of the larger number Paper I. of dwarf systems included in this paper. We do not reproduce the plots of radius, or versus log in L X , L bol (P rot ) Paper since the results are unchanged for the larger sample as a I, whole (see No di †erence exists between G, K, and Table 3 ). M spectral types.
Since we found to be well correlated with (the 6 cm L X L 6 radio luminosity) for the RS CVn systems in we Paper I, repeated these calculations for the entire sample. In most scenarios, the quiescent 6 cm emission is attributed to a persistent population of mildly relativistic electrons. Therefore, it appears that both the X-ray and radio emission are produced by the same T \ 5 ] 107 K thermal electrons, although the exact mechanism is not yet known (Gu del displays the results. The slope is unchanged 1994). D L X 1.15B0.14 radio data are available. A similar small change is found for versus
showed that a linear relation Gu del (1994) between and holds for many types of active stars, L X L R including dKe and dMe stars, but with slightly di †erent slopes.
Several papers have examined the presence of a basal, nonmagnetic component to the UV and X-ray surface Ñuxes et al. We considered (Schrijver 1987 ; Rutten 1991) . 
Ñuxes et al.
We considered (Schrijver 1987 ; Rutten 1991) . whether subtraction of a basal component improves the measured relations. The basal Ñux as a function of B[V was conservatively estimated from ignoring some Figure 1 , of the suspect low-Ñux giants, as log (F basal
The basal level is shown as a dashed line in (right). We found that subtracting Figure 1 from the inferred values of actually increased the F basal F X scatter of the observed relations, since the correction mainly a †ects systems with already small Thus, there is no F X . reason to postulate the existence of an X-ray basal Ñux.
Another way to compare the RS CVn and BY Dra populations is by looking at their integral distribution functions. In we plot the Kaplan-Meier estimator for the Figure 4 , X-ray luminosity (top) and surface Ñux (bottom) using the ASURV software Valley, Isobe, & Feigelson that (La 1992) works with both detection and upper limits. As expected, the RS CVn systems are brighter than the BY Dra binaries top) ; however, the distribution of surface (Fig. 4 , Ñuxes is very similar for the two populations, with CVn)T \ 6.37^0.09 ergs cm2 s~1 and Slog F X (RS Dra)T \ 6.23^0.09 ergs cm2 s~1. The lumiSlog F X (BY nosity function for the BY Dra systems is similar to that for the near-contact binaries Caillault, & Schmitt (Shaw, 1996) , especially for the brighter objects (log ergs s~1).
3.2. Pulse-Height Spectra Since we found that two-temperature (2T) models Ðt the pulse-height spectra in best, we did not attempt to Paper II model the spectra with single or continuous temperature models. As stated in we view the 2T models only Paper II, as a parameterization of the coronal emission that does not necessarily represent a physically consistent description of the physical processes in the emitting plasma. Results for 2T Ðtting using the Raymond-Smith model as implemented in XANADU-XSPEC (Version 7) are listed in Note Table 4 . that the values for listed in this table are derived from L X integrating the Ñux in the best-Ðt models and not from converting counts rates as in As in the Table 1 .
Paper II, high-and low-temperature components are designated as and respectively. The reduced s2 is given in the T high T low , last column. We Ðnd no signiÐcant di †erences between the pulse-height spectra between the RS CVn and BY Dra systems. The Ðt to FF Aquarii is unusual in that only a single, high-temperature component could be Ðtted to the data. While it is possible that the low end of the spectrum has been cut o † by interstellar hydrogen absorption, since the system is 300 pc away it is more likely that a Ñare occurred during the observations. This is also consistent with the light curve et al. However, similar (Dempsey 1997). results were found by et al. (1984) perature, in their Ñux-period analysis and found F X D T 1.51B0.16P~0.88B0.14. This results solely from the the relation, since, for our larger sample, is totally
DISCUSSION
During the RASS, 82% of the BY Dra and RS CVn systems were detected in exposures with under 600 s of integration time. This clearly indicates the universality of coronal X-ray emission in these two classes of binaries, in particular, and late-type stars, in general (Schmitt 1993 ; & Schmitt Furthermore, an important result Haisch 1996) . of this study is that there is little di †erence between the X-rayÈemitting coronal properties of the BY Dra and RS CVn binary systems. Although the RS CVn binaries have a brighter luminosity distribution function, as expected since the active stars have large surface areas from which to radiate X-rays, the surface Ñux distribution is nearly identical for both populations From the Kaplan-Meier (Fig. 4) . estimator we found CVn)T \ 6.37^0.09 ergs s Slog F X (RS cm~2 and Dra)T \ 6.23^0.09 ergs s cm~2. Slog F X (BY Correlations between X-ray Ñuxes or luminosities and stellar parameters, such as rotation period or color, were the same for both the evolved and dwarf systems, therefore allowing us to recompute the relations with the entire sample thereby increasing the statistical reliability of the results. For the dwarf systems, we derive F X D P rot 0.16B0.26, while for the evolved binaries Using data F X D P rot 0.47B0.33. from all stars, we obtain F X D P rot 0.59B0.10. To estimate the X-ray surface Ñux for an active binary system, is still the best measurable parameter, but the P rot relation is not as clear-cut as is the case for single stars. This may be in part a result of the wide spread in spectral type, period, and evolutionary status, among other stellar characteristics, present in the current sample despite e †orts to use two well-deÐned classes of stars. Tidal interaction may have spun up these systems to the point that their magnetic Ðeld strengths and Ðlling factors are near saturation levels. However, the correlation is no tighter for the long-F X ÈP rot period binaries. We Ðnd no evidence for a basal X-ray Ñux component.
In we argued that the Ñux-period relation results Paper I, simply from the Roche lobes of longer period systems being able to accommodate larger stars with lower surface Ñuxes. The shallowness of the slope for the dwarfs seen in our data for out to 100 days, and the large spread in for a P rot F X given does not support this. It is likely that one or more P rot parameters, perhaps including age, are involved. Unlike the case with single stars (e.g., et al. a color term is Noyes 1984), not suggested in our data since no di †erences are readily observed between spectral types.
We further observe that the pulse-height energy spectra and modeled temperatures for both classes of stars are very similar. In all cases, we Ðnd a high-temperature component D1.5 ] 107 K with a cooler component D2 ] 106 K. One system, FF Aqr, is anomalous in that its spectra can only be Ðtted with a single, very high temperature (D3.3 ] 107 K). Neither class of binaries, or the sample as a whole, exhibits any correlation between coronal temperature and rotation period.
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